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The flowering phenology of Erica and proteaceous plants and 
the abundance of nectarivorous birds were monitored in 
Mountain Fynbos in the Jonkershoek State Forest, South 
Africa. Species tended to flower for short periods in summer 
at high altitudes, or for longer periods in autumn and winter 
at low altitudes. Three avian species apparently tracked the 
flowers occurring at low altitudes during winter and, when 
present. at high altitudes during summer. Statistical analyses 
confirmed that the distribution of Promerops cafer is primarily 
correlated with the abundance of protea flowers, and that of 
Nectarinia vio/acea with Erica flowers. The evolution of an 
unusually high ratio of putative avian pollinators to 
ornithophilous plant species in Mountain Fynbos is discussed. 
S. Afr. J. Bot. 1984, 3: 285-296 
Die bloeifenologie van Erica en proteaplante en die talrykheid 
van nektaretende voels in bergfynbos in die Jonkershoek 
Staatsbos is gemonitor. Spesies het geneig om in die somer 
vir korter periodes in hoogliggende gebiede, of in die herfs en 
winter vir Ianger periodes in laagliggende gebiede, te blom. 
Dit blyk dat drie voelspesies agter die blomme aan getrek het. 
Die blomme word in die laer gebiede in die winter aangetref 
en, wanneer hulle in die somer wei teenwoordig is, kom hulle 
in die hoer gebiede voor. Statistiese analises het bevestig dat 
die verspreiding van Promerops cafer primer met die 
talrykheid van proteablomme gekorreleer is, en die van 
Nectarinia violacea met Erica blomme. Die evolusie van 'n 
ongewoon hoe verhouding tussen bestuiwervoels en 
voelbestuifde plantspesies in bergfynbos word bespreek. 
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Introduction 
Mountain fynbos is a major vegetation type in the fynbos 
biome (Kruger 1979) which corresponds geographically 
with the 'Capensis' region , delineated by Werger (1978) as 
one of the plant biogeographical regions of southern Africa. 
The structural character of fynbos vegetation is largely 
determined by three families, Restionaceae, Proteaceae and 
Ericaceae, and the flora is notable for its great richness in 
species (Taylor 1979) . 
Nearly all members of the Restionaceae are dioecious, 
wind-pollinated graminoids (Pillans 1928) , whereas the 
Ericaceae and Proteaceae display more diverse pollination 
syndromes with a high proportion of putative bird-pollinated 
species (Baker & Oliver 1967; Rourke 1980, pers. obs). 
There are apparently at least 200 species of bird-pollinated 
plants in the fynbos vegetation. However , in marked contrast 
to its great floral diversity , the fynbos supports only six 
species of primarily nectarivorous, putative avian pollinators 
(Skead 1967). Very little is known about the relationships 
between ornithophilous plants and their pollinators in fynbos 
vegetation (Siegfried 1983). 
This paper describes associations between nectarivorous 
birds and the flowering phenologies of members of the 
Proteaceae and Ericaceae in a few communities of Mountain 
Fynbos, characterizes the plants' pollination syndromes and 
discusses aspects of the evolution of plant-avian pollination 
relationships in fynbos vegetation . 
Study area and Methods 
Fieldwork was carried out during April1977- May 1978 in 
the Jonkershoek State Forest (34° 00' S, 19° 00' E) , 50 km 
east of Cape Town , South Africa (Figure 1) . Descriptions of 
the physiography and the biota of the nature reserve are 
given in Wicht eta!. (1969) and Werger eta!. (1972) . A series 
of 38 observation stations in Mountain Fynbos were visited 
during two to three days in each month (except July and 
October 1977) for surveys of the incidence of nectarivorous 
birds and the flowering phenology of plants belonging to the 
Proteaceae and Ericaceae . In effect , the surveys included only 
four plant genera: Pro tea, Mimetes and Leucospermum (Pro-
teaceae) , and Erica. The stations were located at 66-m contour 
intervals at altitudes ranging between 370 and 1 370 m 
above sea level , along a fixed route known as the Pan-
orama Trail (Figures 1 & 4) . All Erica and Proteaceae 
plants (excluding three rodent-pollinated Protea species 
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Figure 1 The Jonkershoek State Forest, including the Panorama Trail. The arrows indicate Stations 1 and 38 at the start and end of the trail, 
respectively . 
which are inconspicuous and difficult to monitor) and the 
numbers of flowers on five plants, chosen randomly, of each 
species were counted in each of five 25-m2 areas at each 
station. Nectarivorous birds were counted (strip censuses of 
100-m lengths, centred at each station) along the trail and 
their association with, and their feeding on, Erica and 
Proteaceae plants were recorded opportunistically. The 
associations between the plants and the birds were in-
vestigated by means of stepwise multiple regression analysis 
(Allen 1973), with the data (mean number of birds and 
flowers per station) grouped according to altitude. These 
associations were identified by cluster analyses (Field & 
McFarlane 1968) and multidimensional scaling (Kruskal 
1964; Shepard 1980). Seasons were ordered as: Summer 
(Dec.-Feb.); autumn (March-May); winter (June-Aug.); 
and spring (Sept. - Nov.). 
Floral morphology of Erica and Proteaceae species 
Erica 
Six of the 21 species of Erica recorded in the survey (Table 1) 
are apparently adapted for exclusive avian pollination by 
having long tubular flowers too narrow to allow entry of 
most nectarivorous insects, and, excluding lepidopteran and 
long-proboscid tabaniid pollinators, by being orientated 
horizontally or downwards (Voge11954). The bird-pollinated 
Erica species were divided into two categories based on 
floral morphology (Figure 2). Brush-flower (as opposed to 
brush-inflorescence) species have short (ca 15 mm in 
length), slightly curved corolla tubes. The exserted anthers 
protrude some 10 mm from the tube and are joined together 
at the pores in a ring around the style. The anther ring must 
be broken by a bird so that it can probe for the nectar in the 
corolla tube. This requires some force initially (thus pre-
cluding relatively small insects from thieving pollen), but, 
once broken, the anthers dust pollen liberally over the bird's 
beak and face. Erica coccinea is distinguished from E. 
plukenetii (Table 1) by clasping sepals, bract and bracteoles 
which enclose the base of the corolla and apparently prevent 
bees (Apoidea) from thieving nectar. 
Bird-pollinated, tube-flower species (Figure 2) have corollas 
ranging in length between 180 and 250 mm. The anther ring 
is positioned just inside or at the mouth of the curved tube 
and probing by a bird results in the deposition of pollen on its 
beak and cere. Tube-flower species comprise a majority of 
the suspected bird-pollinated members of Erica and tend to 
have red flowers (pers. obs). Four species were represented 
in the survey (Table 1). 
Ampullaceous (vase-shaped), insect-pollinated species are 
distinguished by narrow-necked flowers having small distal 
orifices and flag-like petal lobes (Figure 2). These species 
tend to occur at high altitudes and their flowers are bright 
pink and either very sticky or waxy. Hovering tabaniid 
dipterans are apparently important pollinators (Oliver pers. 
comm.; pers. obs) but certain species are visited by birds as 
well (Marloth 1932; pers. obs) . Of the 14 insect-pollinated 
species recorded in the survey (Table 1), E. ventricosa is 
frequently visited by birds that were also observed to probe 
occasionally for nectar in E. cristata and E. fastigiata. Other 
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Table1 Floral characteristics, principal putative pollen vectors and association of occurrence ('communities') of Erica 
and Proteaceae species in the Jonkershoek State Forest 
Flower Flower 
Flower Flower length diameter Pollen 
Plant species shape colour (mm) (mm) vector 'Community' 
Erica 
E. coccinea L. Brush Red 14,8 Bird ABC 
Yellow B 
E. plukenetii L. Brush Red 15,1 Bird A 
Yellow AB 
E. sessilifora L.f. Tubular Green 18,3 Bird (absent)a 
E. grandiflora L.f. Tubular Yellow 20,6 Bird A c 
E. longifolia Ait. Tubular Orange 18,6 Bird AB D 
Pink AB D 
E. curviflora L. Tubular Red 24,6 Bird B D 
E. cerinthoides L. Tubular Red 20,6 Bird AB D 
E. cristata Dulfer Ampullaceous Pink 12,9 Insect B 
E. ventricosaThunb. Ampullaceous Pink 14,9 Insect B D 
E. fastigiata L. Ampullaceous Pink 13,6 Insect B D 
E. parviflora L. Globular Pink 4,0 Insect ABCD 
White AB 
E. sphaeroidea Dulfer Globular Pink 4,0 Insect AB 
E. nudiflora L. Globular Pink 4,0 Insect ABCD 
E. curvirostris Salish. Globular Pink 4,0 Insect ABCD 
E. latera/is Willd. Globular Pink 9,5 Insect B 
E. hispidula L. Globular Brown 1,8 Wind ABCD 
Pink ABCD 
White ABC 
E. imbricata L. Globular Pink 2,8 Insect AB 
E. corifolia L. Globular Pink 6,5 Insect D 
E. taxifolia Ait. Globular Pink 7,5 Insect A CD 
E. lutea Berg. Ampullaceous Yellow 7,5 Insect B D 
E. triflora L. Globular White 5,0 Insect ABC 
E. calycina L. Globular White 3,5 Insect B 
Proteaceae 
Protea nitida Mill. Cup Cream 120 120 Bird A c 
P. rupicola Mund. ex Meisn. Cup Pink 100 90 Bird (absent)" 
P. cynaroides (L.) L. Bowl Pink 160 210 Bird BCD 
P. scolopendriifolia 
(Salisb. ex Knight) Rourke Chalice Pink 90 90 Rodent D 
P. repens (L.) L. Chalice Pink 130 80 Bird A 
P. burchellii Stapf. Chalice Pink 100 60 Bird (absent)a 
P. neriifolia R. Br. Chalice Pink 115 70 Bird AB 
P. coronata Lam. Closed Green 95 55 Bird A 
P. speciosa (L.) L. Closed Pink 110 60 Bird c 
P. grandicepsTratt. Closed Red 120 70 Bird (absent)" 
P. caespitosa Andr. Chalice Pink 50 50 Rodent A 
P. lacticolor Salisb. Cup Pink 70 55 Bird BC 
White BC 
P. acaulos (L.) Reich. Cup Green 45 45 Rodent AB 
Mimetes cucullatus (L.) R. Br. Con florescence Orange 100 60 Bird A 
M. argenteus Knight Con florescence Silver 100 60 Bird (absent)" 
Leucospermum lineare R . Br. Brush Yellow 80 80 Bird A 
L. grandiflorum (Salish.) R. Br. Brush Yellow 110 110 Bird (absent)" 
L. oleifolium (Berg.) R. Br. Brush Yellow 40 40 Bird (absent)" 
a Not recorded along the Panorama trail but present elsewhere in the study area. Rodent pollinated Protea species were not sampled. 
insect-pollinated Erica species have either globular or short Erica hispidula was the only wind-pollinated species 
(3,5-9,5 mm in length) , ampullaceous flowers with exserted recorded in the survey (Table 1). A related genus, Philippia, 
anthers (Figure 2). These species tend to have pink or white contains most of the Ericoideae with relatively small (1,8 
flowers and account for the majority of the genus (pers. obs). mm) flowers which are apparently wind-pollinated. Philip pia 
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Figure 2 Representatives of major floral types of Erica species and their putative principal pollen vectors in the Jonkershoek State Forest. 
may, however, not constitute a valid genus (Oliver pers. 
comm.) 
Proteaceae 
Fifteen of the 18 proteaceous species recorded in the survey 
are apparently adapted for avian pollination (Table 1). In 
developing flowers the style, with the stigma modified as a 
pollen presenter, grows faster than the perianth segments 
containing the anthers. The style thus bends, placing the 
flower under tension. When fully developed, protea flowers 
are probed by a strong pollinator. The probing releases the 
pollen presenter which strikes the vector and deposits 
pollen. Only certain birds, mammals and larger beetles 
(Coleoptera: Scarabaeidae ( Cetoniidae)) release the pollen 
presenter naturally, although the presenters in old florets 
are eventually released independently. This mechanism 
helps to ensure that the pollen is optimally deposited on the 
probing vector, protecting it simultaneously from wind and 
most insects. The large protea beetle Trichostetha fascicularis 
frequently visits many Pro tea species (pers. obs.) and could 
be an important vector for pollen. The role of beetles, 
generally, in the pollination of Protea species needs to be 
assessed. However, the inflorescences of these species are 
visited, in addition to pollen vectors, by many other insects 
(Gess 1968) which are too small to release the pollen 
presenters and thus are probably insignificant as pollinators. 
They may, however, function as a protein source for 
nectarivorous birds, supplementing the protein-free nectar 
diet at the height of the breeding season (Mostert et al. 
1980). 
The ornithophilous Protea species were divided into four 
categories based on floral morphology (Figure 3) . The 
inflorescence of P. cynaroides has large, open bracts, giving 
it a plate-like shape. The bracts form a more closed bowl in 
P. nitida but the structure of the inflorescence is essentially 
open, with the upper surfaces of the bracts being brightly 
coloured. Protea repens has a much more closed inflores-
cence, with the bright colour on the undersurfaces (or 
outside faces) of the bracts. Pro tea neriifolia and P. lacticolor 
also belong to this category. Pro tea speciosa and P. coronata 
have thick tangles of woolly perianth appendages blocking 
the mouths of their 'closed-cup' inflorescences. This gradient 
from an 'open-cup' (P. cynaroides) to a 'closed-cup' (P. 
coronata) inflorescence is apparently associated with an 
increasing ensurance that birds will make contact with the 
pollen presenters while probing for nectar. Pink is the 
predominant colour in this group of Pro tea species (Table 1). 
The inflorescences of the three rodent-pollinated Protea 
species do not differ very much from those of the bird-
pollinated species in both colour and general form (Table 1). 
However, they carry their inflorescences at ground level , 
often in dense vegetation (Rourke & Wiens 1977; Wiens & 
Rourke 1978; Wiens et al. 1983). 
The flowers of Mimetes cucullatus are grouped into capitula 
each having a conspicuous hood-like bract (Figure 3). Some 
20-40 capitula are grouped into tight heads or conflores-
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Figure 3 Representatives of major floral types of Proteaceae species in the Jonkershoek State Forest. All species are visited frequently by birds . 
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Figure 4 A profile of the Panorama Trail, including the 38 stations surveyed at monthly intervals , and the distribution of four (A,B ,C ,D) plant 
'communities' in the Jonkershoek State Forest (see Figure 1 for orientation of trail). 
cences at the tips of the flowering branches. The bases and 
tips of the 'hoods' are yellow and orange-red, respectively, 
imparting an overall impression of orange. Leucospermum 
lineare has yellow inflorescences and conforms closely to the 
classic brush-type ornithophilous inflorescence (Faegri & 
Vander Pijl1979). 
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Erica and Proteaceae species associations 
Four principal associations of Erica and Proteaceae species 
were recognized in the study area (Figures 4-6). These 
associations are called 'communities' for convenience and 
their species are listed in Table 1. 
Community A occurred on a granite substratum at a 
relatively low altitude and was dominated by Protea species 
which flowered in autumn and winter. Communities B and 
C occurred at medium altitudes, both being based on Table 
Mountain Sandstone (T.M.S.) deposits. Community B was 
visually characterized by an ericoid-restioid element with 
four Erica species being dominant. The putative bird-
pollinated Erica species tended to occur in seeps and 
drainage lines. Protea lacticolor occurred in moist ravines as 
well (pers. obs). Community C occurred in a very moist area 
facing south in the shade of high cliffs. Protea speciosa was 
restricted to this community which also contained many 
specimens of P. cynaroides, but in general, the species 
composition was similar to that of Community B. Com-
munity D occurred on T.M.S. deposits at a high altitude and 
was dominated by E. curviflora, E. ventricosa and E. 
nudiflora. 
Figure 5 A multi-dimensional scaling ordination showing four 
(A,B,C,D) plant 'communities' based on surveys at 38 stations along 
the Panorama Trail in the Jonkershoek State Forest. The bold line 
traces the approximate upper boundaries of a granite-sandstone 
colluvium soil mixture as detailed in Van Wilgen (1982). 
Flowering phenology of Erica and Proteaceae species 
Among the six apparently bird-pollinated species, E. 
coccinea flowered prolifically between January and June, 
whereas E. curviflora produced most of its flowers in January 
and February (Figure 7). These species occurred at low 
(E. coccinea) and high (E. curviflora) altitudes, respectively. 
Erica plukenetii was the dominant flower-producer at low 
altitudes in December. Only two (E. longifolia and E. 
a 
b 
A 
c 
d 
• 
8 
S.-Afr. Tydskr. Plantk., 1984, 3(5) 
% SIMILARITY 
100.00 80.00 60.00 40.00 20.00 
38 
3 
3 
7 
8 
7 f--
~~~ r----
1 
3 5 
3 3 
II 
8 
2 
II 
1 
3 
2 
3 
3 
1 
0 
8 
7 
8 
7 
8 
1 
-
5 
1 
2 
2 
2 
2 
2 
2 
1 
2 
II 
4 
?-1---
!-
f--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--t 
I 
I 
I 
I 
I 
I 
!--
I 
I 
I 
I 
0 
g 2 3 L I 
2 2 
I 
I 
2 I I r--1 ~ 0 I c [ 
8 I I 
5 I I 
4 I I 
3 I I 
D [ 
Figure 6 A dendrogram formed by the Bray-Curtis similarity coeffi-
cient and group average sorting (Field & McFarlane 1968) of the four 
(A,B,C,D) plant 'communities' (identified by a 20% similarity level) 
in the Jonkershoek State Forest. 
cerinthoides) of the six bird-pollinated species bloomed 
during August-November and they produced relatively few 
flowers (Figure 7) localized to small seeps and marshes at 
high altitudes. Apparently, the availability of nectar produced 
by ericas for birds was low during this period in the study 
area. 
Insect-pollinated ericas tended to flower in summer; 10 of 
the 14 species represented in the survey blooming in 
February (Figure 7). This tendency was most marked in four 
of the high-altitude species which, apparently, are pollinated 
principally by tabaniid dipterans (pers. obs). 
The wind-pollinated E. hispidula was observed flowering 
in all months except December in one or another of its 
colour forms (Figure 7). Maximum production of flowers 
occurred, however, in spring and autumn which coincides 
with periods of intermediate wind strength and direction and 
maximum wind direction changes in the study area (Van Lill 
1976). 
To summarize, most Erica species flowered either in 
summer for relatively short periods at high altitudes or 
during a greater part of the year at low altitudes, irrespective 
of their particular pollination syndromes. 
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Among the bird-pollinated members of the Proteaceae, 
the Protea species tended to flower between late summer 
and spring, whereas the representatives of the other genera 
( Mimetes and Leucospermum) produced their flowers chiefly 
in summer; but some individuals were responsible for a 
flowering flush in May (Figure 7). The two summer-flowering 
proteas ( P. cynaroides and P. speciosa) produced flowers 
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during relatively short periods and accounted for most of 
the rather sparsely distributed Protea flowers encountered 
at high altitudes (Figure 7) . Pro tea lacticolor also occurred at 
relatively high altitudes in seeps just above the granite 
substratum. Protea coronata and P. nitida occurred at the 
bottom of the granite substratum, whereas P. repens and P. 
neriifolia, being distributed more densely over much more 
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Figure 7 The flowering phenology of the Erica and Proteaceae species at 38 stations along the Panorama Trail in the Jonkershoek State Forest 
during April1977- April1978 (excluding July and October). The histograms depict the average number of flowers (from five sites) for each station 
expressed on a logarithmic scale (1 ,5 mm = lOx). Absolute values are given above each histogram. The data for the rodent-pollinated species are 
from Rourke (1980) . 
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of this substratum, accounted for the majority of the flowers 
(Figure 7). 
To summarize, as in the case of the putative bird-pollinated 
Erica species, nectar produced by members ofthe Proteaceae 
was apparently most abundantly available to birds either in 
autumn and winter at low altitudes, or mainly in summer at 
relatively high altitudes. In addition, the Proteaceae attract 
many insects which may be utilized by the birds as a food 
source. 
According to Rourke (1980), the rodent-pollinated P. 
scolopendriifolia and P. caespitosa flower between September 
and December when the putative bird-pollinated species 
produce fewest flowers. Protea acaulos which is occasionally 
visited by birds (pers. obs), however, starts flowering earlier 
in the year (Figure 5). 
It is clear that most of the low altitude plant species of 
Community A have extended flowering periods in autumn 
and winter, whereas the relatively short duration, summer-
flowering species occur in Communities B, C and especially 
high altitude D (Figure 4). This conforms with Siegfried's 
(1983) generalization that protea-dominated fynbos tends to 
flower in winter, whereas erica-dominated fynbos flowers in 
summer. 
We suggest that, by flowering and producing copious 
quantities of nectar in autumn and winter, putative bird-
pollinated species in low altitude areas of fynbos vegetation 
avoid adding to an already water-stressed condition in the 
dry , hot months of summer. Moreover, the relatively low 
temperatures of winter inhibit the activities of insects which 
could reduce the amount of nectar potentially available to 
birds. At high altitudes, however, water, in the form of 
condensation from advective, wind-induced mist and cloud, 
is much more freely available to plants in summer than in the 
lowlands. Unpredictable snow falls and extended periods of 
freezing weather occur in the winter at high altitudes. 
Consequently, the high altitude species tend to flower in 
summer but in doing so are restricted to a relatively short 
flowering season. The low incidence of plants flowering in 
S.-Afr. Tydskr. Plantk ., 1984, 3(5) 
spring might also be associated with a water-related factor. 
Spring comes at the end of the rainy season (which commences 
in early autumn). It is conceivable that anaerobic conditions 
prevail among the plants' roots in water-logged soils, 
restricting vegetative growth and flowering at the end of the 
rainy season . Insect-pollinated species which apparently are 
not, or are less, restricted by the availability of water for 
nectar production could theoretically flower in any season, 
but most do so in summer when insect populations and 
activity can be expected to be high. 
Abundance and dispersion of avian nectarivores 
The orange-breasted sunbird Nectarinia violacea (L.) , the 
malachite sun bird N. famosa (L.) and the Cape sugarbird 
Promerops cafer (L.) were the only avian nectarivores 
recorded in the survey. Nectarinia violacea and P. cafer are 
regarded as 'erica' and 'protea' species, respectively, and are 
virtually restricted to fynbos vegetation (Skead 1967). 
Nectarinia famosa is much more widely distributed and it 
occurs in a variety of vegetation types as well as in fynbos 
(Skead 1967). 
All putatively bird-pollinated plants in the study area were 
regularly visited by one or more of the three avian pol-
linators, although many Erica species were only observed to 
be visited by theN. violacea. 
Table2 Total numbers of three avian species recorded 
each month (except July and October) during April1977 
-April 1978 counted at 38 stations on the Panorama trail 
in the Jonkershoek Nature Reserve 
Month 
Bird species A M J A s N D J F M A 
P. cafer 47 93 63 43 6 4 0 5 20 33 37 
N.famosa 3 10 7 6 0 0 0 0 2 4 
N. violacea 47 66 46 29 26 12 10 74 77 61 53 
Table3 Mean seasonal abundance of three avian species in each of four plant 'communities' (see text) in the 
Jonkershoek Nature Reserve. Seasons are: Autumn (March- May); winter (June- Aug.); spring (Sept.- Nov.); and 
summer (Dec.- Feb.) 
Community 
A B c D 
Bird species Season (N = 15)b (N = 16)b (N=3/ (N = 4)b 
P. cafer Autumn (n = 4)" 3,17 ± 4,60 0,23 ± 1,46 0,42 ± 0,90 0 
Winter (2) 3,53 ± 5,14 0 0 0 
Spring (2) 0,33 ± 1,21 0 0 0 
Summer(3) 0,27 ± 0,84 0,23 ± 1,59 0,22 ± 0,67 0 
N.famosa Autumn (n = 4)" 0,27 ± 0,68 0 0,25 ± 0,62 0 
Winter(2) 0,43 ± 0,86 0 0 0 
Spring (2) 0 0 0 0 
Summer(3) 0,20 ± 0,15 0 0 0 
N. violacea Autumn (n = 4)3 3,20 ± 2,98 0,41 ± 1,53 0,67 ± 1,61 0 
Winter(2) 2,37 ± 1,85 0 0,66 ± 1,21 0 
Spring (2) 0,77 ± 1,35 0 2,50 ± 2,70 0 
Summer(3) 1,40 ± 2,56 0,46 ± 1,38 1,89 ± 2,98 6,25 ± 11,20 
• n = the number of months sampled in each season 
b N = the number of stations sampled in each community 
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Nectarinia violacea was the most abundant avian nec-
tarivore, followed closely by P. cafer; the N. famosa 
population was relatively small (Table 2). Nectarinia violacea 
and P. cafer were most abundant in Community A during 
autumn and winter (P < 0,05; t-test) (Table 3) when both 
species breed (Skead 1967; Burger et al. 1976). The abun-
dance of N. famosa was also highest in Community A during 
autumn and winter (Table 3). In contast, only N. violacea 
featured prominently in Community A during spring and 
summer when it was relatively abundant at higher altitudes 
as well (Table 3). 
To summarize, N. violacea, N. famosa and P. cafer were 
abundant during autumn and winter at low altitudes in the 
study area. Only N. violacea occurred abundantly in summer 
at relatively high altitudes (P < 0,05; t-test) which is 
consistent with the species' strong dependence on Mountain 
Fynbos (Siegfried 1983). Promerops cafer, on the other 
hand, is known to move into Coastal Fynbos found in the 
lowlands of the south-western Cape and N. famosa apparently 
disperses even farther afield into a wide range of vegetation 
types (Siegfried 1983). Nevertheless, observations have 
been made of abundant populations of non-breeding P. 
cafer associated with proteas in flower in summer at relatively 
high altitudes in the Jonkershoek State Forest (Mostert 
1974; Mostert et al. 1980; pers. obs), but not as part of the 
survey reported here. Hence, it is likely that of the three 
species considered here, N. violacea most closely tracks, by 
means of altitudinal migration, the availability of nectar 
resources in the study area in which it is probably permanently 
resident. 
Relationships between abundance of avian nectarivores 
and abundance of flowers of Erica and Proteaceae species 
Relatively high regression values (R 2 ) were obtained for 
correlations between the abundance of N. violacea and the 
abundance of flowers of Erica and Proteaceae species, with 
Erica species having tubular, red or pink flowers being 
dominant (Table 4). Only two tubular Erica species do not 
feature in the regression, whereas putative tabaniid-pol-
linated species feature strongly. The five insect-pollinated 
Erica species (Table 4) bloomed mainly in autumn and 
probably feature in the regression since bird numbers in-
creased in Community A during this period. No bird 
visitation of these species was observed but birds may have 
utilized the insect pollinators of these species as a food 
source. Both P. cafer and N. famosa were correlated 
primarily with Protea species, particularly those with open 
cup-shaped inflorescences in the case of N. famosa, but the 
regression values are generally lower than those for N. 
violacea (Table 4) . The Protea species which are bird-
pollinated tend to have pink flowers. No tubular Erica 
species contributed to the observed distribution of P. cafer. 
These results are consistent with a preference by avian 
nectarivores, generally, for flowers with colours that reflect 
in the relatively long wavelengths (Grant 1966; Raven 1972). 
Evolution of the bird-plant pollination system in Fynbos 
The exceptionally high plant species richness in the fynbos 
flora (Taylor 1979) implies the existence of highly specialized 
systems of pollen dispersal, but this does not appear to apply 
to the ornithophilous species in Mountain Fynbos. At least 
87 proteaceous species, mainly in Leucospermum, Mimetes 
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Table4 Significant (P < 0,05) results of stepwise 
regression analyses involving the numbers of three 
nectarivorous bird species (dependent variable) and 
the numbers of flowers of Erica and Proteaceae 
species in the Jonkershoek Nature Resrve 
Dependent 
variable 
P. cafer 
N.famosa 
N. violacea 
Model• 
1 
Significant 
independent variables 
P. neriifolia 
P. lacticolor (pink) 
P. repens 
E. sphaeroidea 
P. coronata 
2 Total protea 
M. cucullatus 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
2 
P. lacticolor (white) 
P. coronata 
E. sphaeroidea 
No birds present 
P. lacticolor (pink) 
E. cristata 
P. speciosa 
P. neriifolia 
P. coronata 
P. repens 
P.lacticolor(pink) 
P. lacticolor (white) 
E. cristata 
Total pro tea 
P. lacticolor (pink) 
No birds present 
P. lacticolor (pink) 
P. lacticolor (white) 
E. crista/a 
P. nitida 
P. repens 
M. cucullatus 
E. grandiflora 
E. curviflora 
E. coccinea (red) 
P. lacticolor (pink) 
P. repens 
E. nudiflora 
P. lacticolor (white) 
P. cynaroides 
P. neriifolia 
P. coronata 
E. hispidula (white) 
b-E. longifolia (orange) 
E. grandiflora 
P. nitida 
E. coccinea (yellow) 
E . cerinthoides 
E. curviflora 
E . coccinea (red & yellow) 
Total protea 
E. ventricosa 
E. corifolia 
E . nudiflora 
P. coronata 
TotalR 2 
0,30 
0,26 
0,00 
0,63 
0,15 
0,02 
0,17 
0,49 
0,18 
0,22 
0,65 
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Table4 Cont. 
Dependent 
variable Model" 
3 
4 
5 
6 
Significant 
independent variables 
E. hispidula (red) 
P. cynaroides 
E. ventricosa 
E. curviflora 
E. coccinea (red & yellow) 
P. lacticolor (pink) 
Total Erica 
b- P. lacticolor (white) 
E. taxifolia 
E. grandiflora 
P. neriifolia 
Total Erica 
E. fastigiata 
E. curviflora 
P. lacticolor (pink) 
E. coccinea (red & yellow) 
E. taxifolia 
P. lacticolor (white) 
E. hispidula_ (pink) 
E. triflora 
E. coccinea (red & yellow) 
Total Erica 
P. repens 
E. cerinthoides 
E. taxifolia 
TotalR 2 
0,60 
0,82 
0,99 
0,60 
0,40 
a Modell: The 38 survey stations grouped into 16 altitudinal classes. 
Model 2: The 38 survey stations not grouped. 
Model 3: The 38 survey stations not grouped . Absence of birds 
coded as 'blank' and considered as a missing value. 
Model4: The high altitude TMS 'community' D. 
ModelS: The intermediate altitude 'communities' B & C. 
Model 6: The low altitude granite 'community' A. 
b- indicates negative correlation, otherwise positive. 
and Pro tea, and more than 100 species of Erica are apparently 
pollinated mainly by birds (Scott-Elliot 1890; Vogel 1954; 
Rourke 1972; Vogts 1982). However, Mountain Fynbos 
communities are remarkable in that they include relatively 
few putative avian pollinator species in relation to the 
number of ornithophilous plant species. Only the ericaceous-
proteaceous montane moorland vegetation of East Africa 
has a bird:plant ratio similar to those offynbos communities 
(Table 6). 
Hummingbirds (Trochilidae) in California move from 
winter breeding areas in the lowlands to the highlands in 
summer (Grant & Grant 1967). These birds' breeding areas 
embrace monospecific ornithophilous plant stands, whereas 
the highland areas contain up to six sympatric ornitho-
philous plant species which are visited by six species of 
hummingbirds. Thus, whereas the annual migratory move-
ments of Californi(ln hummingbirds are similar to those of 
P. cafer and N. violacea in Mountain Fynbos, the bird-plant 
relationships are different. Promerops cafer moves from 
areas of relatively high ornithophilous plant diversity, where 
it breeds in winter, to areas of monospecific ornithophilous 
plant stands in summer and N. violacea migrates out of areas 
of high ornithophilous plant diversity to higher altitudes 
S.-Afr. Tydskr. Plantk., 1984, 3(5) 
TableS Significant (P < 0,05) results of stepwise 
regression analyses involving the numbers of three 
nectarivorous bird species (dependent variable) and 
the numbers of flowers in the different floral 
morphology categories (see text and Figures 2 & 3) of 
Erica and Protea species in the Jonkershoek Nature 
Reserve 
Dependent 
variable 
N. violacea 
N.famosa 
P. cafer 
Model a 
2 
3 
4 
1 
2 
3 
4 
2 
3 
4 
Significant 
independent variables 
Tubular Erica 
Brush Erica 
Tabaniid Erica 
Chalice Protea 
Insect Erica 
Closed Protea 
CupProtea 
Tubular Erica 
Tabaniid Erica 
Brush Erica 
CupProtea 
Wind Erica 
Brush Erica 
Insect Erica 
Chalice Protea 
Wind Erica 
Closed Protea 
No birds present 
Bowl Protea 
Chalice Protea 
Tubular Erica 
Chalice Protea 
Closed Protea 
No birds present 
Chalice Protea 
a Model 1: The 38 survey stations not grouped. 
Model2: The high altitude TMS 'community' D. 
Model 3: The intermediate altitude 'communities' B & C. 
Model4: The low altitude granite 'community' A. 
Tota!R 2 
0,51 
0,74 
0,24 
0,38 
0,00 
0,00 
0,18 
0,20 
0,00 
0,14 
supporting slightly lower ornithophilous plant diversity to 
spend the nonbreeding season. Hence, a close relationship 
between the number of putative avian pollinator species and 
the number of ornithophilous flower species does not occur 
in Mountain Fynbos, implying that a closely co-evolved 
bird-plant species association has not evolved. 
In Mountain Fynbos, the generalized foraging behaviour 
of the relatively few avian pollinator species militates against 
isolated pollen transfer being facilitated by specific bird-
plant co-adaptations. Instead, it appears that bird-plant 
relationships have co-evolved at the family level with 
Promerops being dependent on representatives of the 
Proteaceae, N. violacea on Erica and N. famosa mainly on 
Liliaceae and geophytes (pers. obs). These associations tend 
to break down in the absence of any of the other species with 
the species present apparently expanding its feeding niche. 
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TableS Relationships between the number of putative avian pollinator species and associated ornithophilous plant 
species 
Number 
Number bird ornithophilous 
species plant species Ratio 
(A) (B) (B:A) Locality Region Source 
22 50 2,27 Finca Ia Salvia Costa Rica (T) Stiles (1981) 
21 >55 >2,62 La Mort Costa Rica (T) Stiles (1981) 
6 18 3,00 Villa Mills Costa Rica (T) Stiles (1981) 
8 18 2,25 Santa Rosa Costa Rice (T) Stiles (1981) 
6 25 4,17 Chirripo Costa Rica (T) Wolf eta!. (1976) 
9 17 1,90 LasCama Costa Rica (T) Wolf(1970) 
12 33 2,75 ArimaValley Trinidad (T) Stiles (1981) 
11 19 1,73 LasTuxtles Mexico(T) Stiles (1981) 
>20 >31 >1,55 Andes Venezuela (T) Stiles (1981) 
11 15 1,36 Fonte Colombia (T) Snow & Snow (1980) 
12 24 2,00 Carira Colombia (T) Snow & Snow (1980) 
8 11 1,38 Tugari Colombia (T) Snow & Snow (1980) 
16 34 2,13 Trinidad West Indies (T) Feinsinger eta!. (1982) 
6 30 5,00 Tobago West Indies (T) Feinsinger eta/. (1982) 
3 7 2,33 Hawaii Hawaii(T) Pimm & Pimm (1982) 
7 19 2,71 Zaria Nigeria(T) Pettet (1977) 
3 31 10,33 Cherangani Mnts Kenya(T) Cheke (1971) 
27 21 0,78 Adelaide Australia (M) Paton & Ford (1977) 
7 11 1,57 Wongamine Australia (M) Collins (1980) 
6 15 2,50 StaMonica California (M) Stiles (1973) 
3 24 8,00 Jonkershoek (MF) South Africa (M) This study 
3 29 9,66 Kleinmond (MF) South Africa (M) pers. obs 
4 45 11,25 Kleinmond (MCF) South Africa (M) pers. obs 
100 250 2,50 Australia Ford et al. (1979) 
7 21 3,00 California Grant & Grant (1967) 
75 300 4,00 Costa Rica Stiles (1981) 
6 >200 >33,33 Cape Floral Kingdom This study 
(MF) Mountain Fynbos (MCF) Mountain and Coastal Fynbos 
Because of the extensive overlap in flowering phenology of 
ornithophilous plant species, the uniform shape of flowers in 
the genus Erica and the generalized brush-type of the 
Proteaceae, pollen segregation cannot be achieved by classical 
means. In addition, pollen is released at the time of probing 
of the appropriate vectors, with bird activity at the flowers 
peaking in the early morning and late afternoon. While 
nothing is known about pollen-stigma interactions of the 
plants, it is possible that pollen transfer is segregated serally, 
with geophytes blooming early in the succession followed by 
a series of Erica and Protea species with a corresponding 
pollinator succession. In Mountain Fynbos in the Jonkershoek 
State Forest, such a succession lasts between 15 and 20 years 
(Van Wilgen 1982). 
Conclusions and Summary 
1. Putative bird-pollinated Erica and proteaceous plant 
species tended to flower for short periods in summer at high 
altitudes, or for longer periods in autumn and winter at low 
altitudes in Mountain Fynbos in the Jonkershoek State 
Forest. This might be related to the plants' requirements for 
relatively large amounts of water for copious nectar pro-
duction. 
2. Nectarivorous birds were most abundant at low altitudes 
during winter. A substantial part of the Nectarinia violacea 
population apparently migrated to high altitudes in summer, 
(T) Tropical climate (M) Mediterranean climate 
apparently closely tracking the availability of food resources. 
3. The distributions of Promerops cafer and Nectarinia 
famosa were best correlated with the incidence of Protea 
species in bloom, whereas that of N. violacea was correlated 
primarily with the incidence of Erica species in bloom. 
4. The ratio of avian nectarivore species to ornithophilous 
plant species in Mountain Fynbos and the nature of floral 
morphology and patterns of flowering phenology suggest 
that pollen segregation between plant species is achieved by 
spatial and sera! isolation. 
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